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ABSTRACT 

A t e c h n i q u e  to  p r o v i d e  m o d e l  p r e s s u r e  a n d  h e a t i n g  r a t e  m e a s u r e -  
m e n t s  f r e e  f r o m  s u p p o r t  i n t e r f e r e n c e  h a s  b e e n  d e v e l o p e d  f o r  t h e  
c o n t i n u o u s  f low,  h y p e r s o n i c  w i n d  t u n n e l s  ( M a c h  n u m b e r s  6, 8, a n d  10) 

! 

in  t h e  y o n  K a r m a n  G a s  D y n a m i c s  F a c i l i t y .  D a t a  m a y  be  o b t a i n e d  f r o m  
m o d e l s  u p  to  12 in .  in  l e n g t h  a n d  4 . 5  in.  in  d i a m e t e r  u s i n g  o n b o a r d  
t e l e m e t r y .  A d e s c r i p t i o n  of  t h e  t e s t  e q u i p m e n t  a n d  i n s t r u m e n t a t i o n  
i s  p r e s e n t e d ,  in a d d i t i o n  to b a s e  p r e s s u r e  m e a s u r e m e n t s  o b t a i n e d  o n  
a 1 0 - d e g  h a l f - a n g l e  c o n e  a n d  b a s e  h e a t i n g  m e a s u r e m e n t s  o b t a i n e d  on  a 
1 0 - d e g  h a l f - a n g l e ,  r o u n d e d  b a s e  c o n e  at  M a c h  10. 

i i i  
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SECTION ! 
INTRODUCTION 

f t 

A program has been underway at the von Karman Gas Dynamics 
Facility (VKF) to develop model free-flight testing capabilities in 
wind tunnels operating at Mach numbers ranging from i. 5 through I0. 
A pneumatically operated model launcher was developed to launch 
models in the VKF 40-in. supersonic tunnel, the 50-in. Mach 8 tun- 
nel, and the 50-in. Mach I0 tunnel (Gas Dynamic Wind Tunnels, 
Supersonic (A) and Hypersonic (B) and (C)). The objectives were to 
obtain model drag, damping, pitching-moment rate, and base pres- 
sure data. During the course of this development, a different model 
launch technique was conceived for obtaining model base pressure 
and base heating rate measurements in Tunnels B and C. This 
technique allows the test model to fall through the tunnel flow and to 
be recovered, undamaged, without interrupting the tunnel operation. 
Model base pressure and base heating measurements are obtained 
using single-channel onboard telemetry systems. The "drop" tech- 
nique has the following advantages over gun launching models in 
wind tunnels for obtaining measurements via telemetry systems: 

I. One model may be tested repeatedly. 

2. Larger models may be tested. 

3. Check calibrations of the telemetry system may always be 
made after the data have been obtained. 

SECTION II 
APPARATUS 

2.1 WIND TUNNELS 

The model drop technique was developed specifically for use in 
Tunnels B and C which are continuous, closed-circuit, variable 
density wind tunnels equipped with contoured, axisymmetric nozzles. 
Tunnel C operates at a nominal Mach number of I0, at stagnation pres- 
sures ranging from 200 to 2000 psia, and at stagnation temperatures 
up to 1450°F. Tunnel B operates at a nominal Mach number of 6 at 
stagnation temperatures up to 390°F for stagnation pressures ranging 
from 20 to 300 psia and at Mach number 8 at stagnation temperatures 
up to 890°F for stagnation pressures ranging from 50 to 900 psia. 
Both tunnels have identical test sections (Tunnel C is shown in Fig. i) 
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and m o d e l  i n j e c t i o n  s y s t e m s .  T h e s e  s y s t e m s  a l low the t e s t  a r t i c l e  to 
be i n j e c t e d  into the  tunne l  t e s t  s e c t i o n  f r o m  the  t e s t  s e c t i o n  tank.  In 
add i t ion ,  the tank  m a y  be s e a l e d  f r o m  the t e s t  s e c t i o n  and v e n t e d  to 
a t m o s p h e r e ,  thus  a l l o w i n g  m o d e l  w o r k  to be a c c o m p l i s h e d  whi l e  the 
tunne l  is r unn ing .  Th i s  s o m e w h a t  un ique  o p e r a t i o n  p r o v i d e d  the founda-  
t ion  of the m o d e l  d rop  t e c h n i q u e  c u r r e n t l y  in u se .  

T e s t s  to e v a l u a t e  the d rop  t e c h n i q u e  w e r e  c o n d u c t e d  in Tunne l  C. 

2.2 MODEL DROP MECHANISM 

F i g u r e  2 s h o w s  a s k e t c h  of the d rop  m e c h a n i s m  i n s t a l l e d  on the  top 
window f lange  of Tunne l  C. The  d r o p  m e c h a n i s m  c o n s i s t s  of the  m o d e l  
r e l e a s e  m e c h a n i s m  ( p a r t i a l l y  o m i t t e d  fo r  c l a r i t y )  and its hous ing ,  the 
s l i d i n g  v a l v e  a s s e m b l y ,  the w a t e r - c o o l e d  s t ru t ,  wh ich  p r o t r u d e s  t h r o u g h  
the tunne l  b o u n d a r y  l a y e r ,  and the s p l i t t e r  p l a t e .  The m o d e l  r e l e a s e  
m e c h a n i s m  is shown in F ig .  3 wi th  a t e s t  m o d e l  i n s t a l l e d .  The  top of 
the  m o d e l  is s u p p o r t e d  by an a d j u s t a b l e  epoxy r e s i n  s a d d l e  w h i c h  is 
f o r m e d  to the  m o d e l  u p p e r  c o n t o u r .  The  r e l e a s i n g  a r m  is s p r i n g -  
l o a d e d  and is he ld  a g a i n s t  the  m o d e l  by a s o l e n o i d - o p e r a t e d  l e v e r .  The  
kni fe  edge  on the  r e l e a s i n g  a r m  m a y  be a d j u s t e d  for  f ina l  m o d e l  p o s i -  
t ion ing .  The  i n s e r t  shows  the m e c h a n i s m  a f t e r  m o d e l  r e l e a s e .  

2.3 MODELS 

S k e t c h e s  of the m o d e l  c o n f i g u r a t i o n s  t e s t e d  a r e  shown  in F ig .  4. 
The  f o r w a r d  s e c t i o n s  of the  m o d e l s  w e r e  c o n s t r u c t e d  of s t a i n l e s s  
s t e e l  to p r o v i d e  a h igh w e i g h t - t o - d r a g  r a t i o .  The  aft s e c t i o n s  w e r e  
c o n s t r u c t e d  of L e x a n  ® (a p o l y c a r b o n a t e  r e s i n )  to p e r m i t  t e l e m e t r y  
t r a n s m i s s i o n  t h r o u g h  the m o d e l  wal l .  A p h o t o g r a p h  of the  p r e s s u r e -  
t e l e m e t r y  m o d e l  is shown in F ig .  5 a long  with  a p r e s s u r e - t e l e m e t r y  
p a c k a g e  a t t a c h e d  to the m o d e l  b a s e  p la te .  

2.4 INSTRUMENTATION 

2.4.1 Telemetry Systems 

The  t e l e m e t e r s  l o c a t e d  a b o a r d  the f r e e - f l i g h t  m o d e l s  w e r e  t r a n -  
s i s t o r i z e d  o s c i l l a t o r s  o p e r a t i n g  at c e n t e r  f r e q u e n c i e s  in the 165- to 
1 8 0 - m c  r a n g e .  T h e s e  o s c i l l a t o r s  w e r e  d i r e c t l y  f r e q u e n c y  m o d u l a t e d  
by e i t h e r  v a r i a b l e  c a p a c i t a n c e  ( p r e s s u r e )  o r  v a r i a b l e  r e s i s t a n c e  (hea t -  
t r a n s f e r )  t r a n s d u c e r s .  The  t e l e m e t e r s  w e r e  r i g i d l y  e n c a p s u l a t e d  in 
epoxy  r e s i n  to p r o v i d e  both t h e r m a l  and s h o c k  i n s u l a t i o n .  

2 
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Both the t e l e m e t e r  o p e r a t i n g  f r e q u e n c y  and c a l i b r a t i o n  s e n s i t i v i t y  
a r e  a f f ec t ed  by t e m p e r a t u r e  c h a n g e s  (Ref.  1); h o w e v e r ,  no t e m p e r a -  
t u r e  e f f ec t s  w e r e  no ted  d u r i n g  the p r e s e n t  t e s t s .  This  m a y  be 
a t t r i b u t e d  to the s h o r t  t i m e  d u r a t i o n  (150 m s e c )  that  the m o d e l  is ex- 
p o s e d  to the t u n n e l  flow and the low t h e r m a l  c o n d u c t i v i t y  of the  
m a t e r i a l s  s u r r o u n d i n g  the t e l e m e t e r .  

2.4.1.1 Pressure Telemeters 

Two types of oscillator circuits (Fig. 6) were used for single- 
channel pressure telemeter construction. Both types were supplied 
with constant emitter current bias from the tapped power supply, 
eliminating the bias voltage divider resistors previously used (Ref. 2). 
This resulted in circuits relatively immune to variations in transistor 
characteristics. Current drain for both the Colpitts-type and Clapp- 
type telemeters was nominally 1 ma from a 5.4-v source. The Clapp- 
type telemeter developed during these tests is preferred over the 
Colpitts-type because the Clapp circuit is relatively unaffected by 
nearby objects. The Colpitts-type telemeter required shielding (Ref. I) 
to prevent extraneous frequency shifts caused by proximity effects, 
whereas the Clapp-type did not. The components used in fabrication of 
the telemeters, all commercially available except for the transducers, 

are described in Ref. 2. 

V a r i a b l e  c a p a c i t a n c e ,  d i f f e r e n t i a l - p r e s s u r e  t r a n s d u c e r s  (F ig .  7) 
p r o v i d e d  c e n t e r  f r e q u e n c y  d e v i a t i o n s  of the p r e s s u r e  t e l e m e t e r s  as  
func t ions  of app l i ed  p r e s s u r e .  Q u i e s c e n t  t r a n s d u c e r  c a p a c i t a n c e  was  
n o m i n a l l y  10 pf, wi th  c h a n g e s  of about  0 .6  pf r e s u l t i n g  f r o m  the  a p p l i c a -  
t ion  of 0. 1 ps id .  A p r e s s u r e  lag  c i r c u i t  was  e m p l o y e d  on the r e f e r e n c e  
s ide  of the t r a n s d u c e r  to e n s u r e  tha t  the r e f e r e n c e  p r e s s u r e  r e m a i n e d  
e s s e n t i a l l y  c o n s t a n t  d u r i n g  the p e r i o d  of t i m e  tha t  the  m o d e l  was  ex-  
p o s e d  to the t u n n e l  f low. F u r t h e r  t r a n s d u c e r  de t a i l s  and o p e r a t i n g  
c h a r a c t e r i s t i c s  a r e  g iven  in Ref .  1. 

2.4.1.2 Heat-Transfer Telemeter 

A circuit diagram of the heat-transfer telemeter used in these tests 
is shown in Fig. 8. This single-channel, heat-transfer telemeter was 
used to obtain all the heat-transfer data in these tests. Circuit sensi- 
tivity to the various heat-transfer rates was adjusted using resistor 
networks in the transducer leads. A differential-amplifier driver stage 
between the transducer and the oscillator replaced the single-ended 
driver previously used. This ehange provided more telemeter output 
(frequency deviation per unit transducer resistance change) for meas- 
uring heat-transfer rates (el) below 0.5 Btu/ft2-sec. 
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The v a r i a b l e  r e s i s t a n c e  t r a n s d u c e r s  u s e d  f o r  h e a t - t r a n s f e r  m e a s -  
u r e m e n t s  w e r e  of the  type  shown in F ig .  9. The  c a l o r i m e t e r - t y p e  
t r a n s d u c e r s  (0. 003- in .  d i s c  t h i c k n e s s e s )  had d e p o s i t e d  t h i n - f i l m  
p l a t i n u m  r e s i s t o r s  to s e n s e  the t e m p e r a t u r e  r i s e  of the c a l o r i m e t e r  
d i s c .  An e x c e p t i o n  was  m a d e  fo r  a t r a n s d u c e r  l o c a t e d  on the  b a s e  at 
the m o d e l ' s  c e n t e r l i n e .  Th i s  uni t  (0. 006- in .  d i s c  t h i c k n e s s )  e m p l o y e d  
a T e m p  Sensor® ( v a r i a b l e  r e s i s t a n c e  s e m i c o n d u c t o r }  as  the s e n s i n g  
e l e m e n t .  A d e t a i l e d  d e s c r i p t i o n  of th i s  h e a t - t r a n s f e r  t r a n s d u c e r  is 
p r e s e n t e d  in 1Ref. 3. All  the  t r a n s d u c e r s  u s e d  in t h e s e  t e s t s  w e r e  
s p r a y e d  in one o p e r a t i o n  wi th  a high a b s o r p t i v i t y  ( - 0 . 9 8 )  c o a t i n g  to 
e n s u r e  u n i f o r m  r e s p o n s e  to the r a d i a t i o n  s o u r c e  u s e d  fo r  c a l i b r a t i o n .  

2.4.2 Receiving and Recording Systems 

A stub an tenna ,  p o s i t i o n e d  v e r t i c a l l y  on the  tunne l  window,  p r o -  
v i d e d  s a t i s f a c t o r y  f r e e - f l i g h t  r e c e p t i o n .  A p r e a m p l i f i e r  b e t w e e n  the  
a n t e n n a  and r e c e i v e r  was  s o m e t i m e s  u s e d  to c o m p e n s a t e  fo r  the r e -  
d u c e d  output  of the s h i e l d e d ,  C o l p i t t s - t y p e  t e l e m e t e r s .  /~ c o m m e r c i a l l y  
a v a i l a b l e  F M r e c e i v e r  wi th  a n o m i n a l  d i s c r i m i n a t o r  bandwid th  of 
+600 kc was  u s e d  t h r o u g h o u t  the  t e s t s .  The  r e c e i v e r  was  m o d i f i e d  to 
p r o v i d e  a d - c  output  vo l t age  p r o p o r t i o n a l  to f r e q u e n c y  dev ia t ion ,  wh ich  
was  r e c o r d e d  on an o s c i l l o g r a p h  t h r o u g h  a d - c  a m p l i f i e r .  A n o t h e r  
m o d i f i c a t i o n  p r o v i d e d  a s e p a r a t e  output  to the o s c i l l o g r a p h  w h e r e b y  
g a l v a n o m e t e r  d e f l e c t i o n  was  a func t ion  of the s t r e n g t h  of the r e c e i v e d  
s igna l ,  g iv ing  a con t i nuous  r e c o r d  of s igna l  s t r e n g t h  t h r o u g h o u t  the 
f r e e - f l i g h t  p e r i o d .  T h i s  a l l o w e d  e r r o n e o u s  data  r e s u l t i n g  f r o m  insu f -  
f i c i e n t  s igna l  s t r e n g t h  to be r e c o g n i z e d .  A d i r e c t - w r i t i n g  o s c i l l o g r a p h  
was  u s e d  so  tha t  da ta  cou ld  be o b s e r v e d  i m m e d i a t e l y  fo l lowing  e a c h  run .  

SECTION III 
PROCEDURE 

3.1 TELEMETER CALIBRATION 

3.1.1 Pressure Telemeters 

P r e s s u r e  t e l e m e t e r s  w e r e  i s o l a t e d  in a be l l  j a r  at s o m e  a r b i t r a r y  
r e f e r e n c e  p r e s s u r e  b e t w e e n  0. 002 and 4 . 0  p s i a  d u r i n g  c a l i b r a t i o n .  A 
t h r e e - w a y  s o l e n o i d  v a l v e  a l l o w e d  the t e l e m e t e r  p r e s s u r e  m e a s u r e m e n t  
p o r t  to be a l t e r n a t e l y  c o n n e c t e d  e i t h e r  to the r e f e r e n c e  p r e s s u r e  be l l  
j a r  c o n t a i n i n g  the t e l e m e t e r  (Ap = 0), o r  to an a d j o i n i n g  be l l  j a r  at a 
d i f f e r e n t  a b s o l u t e  p r e s s u r e ,  thus  e s t a b l i s h i n g  a d i f f e r e n t i a l  p r e s s u r e  
a c r o s s  the p r e s s u r e  t e l e m e t e r .  D i f f e r e n t i a l  p r e s s u r e  b e t w e e n  bel l  j a r s  

4 
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was measured with a precision micromanometer having a nominal 
resolution of +0. 000068 psid. Reference pressure was arbitrarily 
varied between different calibration runs to verify that no calibration 
sensitivity changes arose from changes in ambient pressure level. 

The calibration repeatability of the Clapp-type telemeter, both 
before and after many model drops, is shown in Fig. I0. Correspond- 
ing eurves for the Colpitts-type telemeter, as well as a further de- 
scription of the calibration apparatus, are contained in Ref. i. As 
seen in Fig. I0, calibration repeatabilities generally within +2 pereent 
of reading were obtained. 

3.1.2 Heat-Transfer Telemeter 

A h i g h - i n t e n s i t y ,  q u a r t z - i o d i n e  l a m p  (T > 1000°K) w a s  u s e d  a s  a 
r a d i a t i o n - t y p e ,  h e a t  f l u x  s o u r c e .  T h i s  s o u r c e  a l l o w e d  t e l e m e t e r  
c a l i b r a t i o n s  to  be  p e r f o r m e d  in  t h e  r a n g e  of  i n t e r e s t  ( n e a r  1 B t u / f t 2 - s e c ) .  

A c a l o r i m e t e r - t y p e  t h e r m o c o u p l e  h e a t - t r a n s f e r  t r a n s d u c e r  {Ref.  4), 
s p r a y e d  w i t h  a b l a c k ,  h i g h - a b s o r p t i v i t y  c o a t i n g  a t  t h e  s a m e  t i m e  a s  t h e  
t e l e m e t e r  t r a n s d u c e r s ,  w a s  u s e d  a s  a c a l i b r a t i o n  t r a n s f e r  s t a n d a r d .  
T h i s  t r a n s d u c e r  w a s  c a l i b r a t e d  u s i n g  a c o n v e c t i v e  h e a t  f l u x  s o u r c e  w h o s e  
o u t p u t  w a s  m e a s u r e d  w i t h  a s l u g  c a l o r i m e t e r ,  u s e d  a s  a p r i m a r y  
s t a n d a r d .  B e c a u s e  of t h e  a p p r o x i m a t e l y  l i n e a r  r e l a t i o n s h i p  e x i s t i n g  b e -  
t w e e n  c a l o r i m e t e r  d i s c  t e m p e r a t u r e ,  t r a n s d u c e r  o u t p u t ,  f r e q u e n c y  
d e v i a t i o n ,  a n d  g a l v a n o m e t e r  d e f l e c t i o n ,  t h e  s l o p e  of  t h e  r e c o r d e d  d a t a  
w a s  p r o p o r t i o n a l  to  h e a t - t r a n s f e r  r a t e .  

T h e  r a d i a t i o n - t y p e  h e a t  f l u x  s o u r c e  o u t p u t  w a s  m e a s u r e d  u s i n g  t h e  
c a l i b r a t e d  t r a n s f e r  s t a n d a r d .  T h e  t e l e m e t e r  t r a n s d u c e r s  w e r e  s u b -  
s t i t u t e d ,  o n e  at  a t i m e ,  f o r  t h e  s t a n d a r d  t r a n s d u c e r  a n d  e x p o s e d  to  t h e  
r a d i a t i o n - t y p e  s o u r c e .  E x p o s u r e  t i m e  w a s  t h e  s a m e  in  a l l  c a s e s ,  
a p p r o x i m a t e l y  0. 1 s e c .  U s i n g  t h i s  m e t h o d ,  t e l e m e t e r  c a l i b r a t i o n  c o n -  
s t a n t s ,  a s s u m e d  i n d e p e n d e n t  of h e a t - t r a n s f e r  r a t e  in  t h i s  r a n g e  
( R e f s .  3 a n d  4), w e r e  o b t a i n e d  f o r  e a c h  t e l e m e t r y  c h a n n e l .  T h e  h e a t -  
t r a n s f e r  t e l e m e t e r  c a l i b r a t i o n  c o n s t a n t s ,  b o t h  b e f o r e  a n d  a f t e r  t u n n e l  
t e s t i n g ,  a r e  s h o w n  in F i g .  11. T h e  l a r g e  c a l i b r a t i o n  c o n s t a n t  c h a n g e  
n o t e d  f o r  t e l e m e t e r  4 { a p p r o x i m a t e l y  18 p e r c e n t }  p r e s u m a b l y  r e s u l t e d  
f r o m  t h e  f a c t  t h a t  s o m e  of  t h e  h i g h  a b s o r p t i v i t y  c o a t i n g  on  t h e  t r a n s -  
d u c e r  w a s  l o s t ,  e i t h e r  d u r i n g  o r  a f t e r  t h e  t u n n e l  t e s t s .  T h e  r e m a i n i n g  
f o u r  c h a n n e l s  s h o w  c a l i b r a t i o n  r e p e a t a b i l i t i e s  w i t h i n  8 . 5  p e r c e n t .  

5 
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3.2 TUNNEL TESTING 

3.2.1 Preliminary Tests 

S e v e r a l  m o d e l  d rop  t e s t s  w e r e  m a d e  in Tunne l  C with no tunne l  
flow, p r i m a r i l y  to d e t e r m i n e  the  m o s t  s a t i s f a c t o r y  l o c a t i o n  fo r  the 
t e l e m e t r y  a n t e n n a s .  Two a n t e n n a s  w e r e  found n e c e s s a r y ,  one on the 
tunne l  window fo r  f r e e - f l i g h t  r e c e p t i o n  and one in s ide  the r e m o v a b l e  
h o u s i n g  (Fig .  2) f o r  p r e - t e s t  r e c e i v e r  tuning.  P a r a l l e l i n g  t h e s e  
a n t e n n a s  r e s u l t e d  in m a r g i n a l  r e c e p t i o n  f r o m  both s y s t e m s .  A t i m i n g  
c i r c u i t ,  a c t u a t e d  by the m o d e l  r e l e a s i n g  a r m ,  was  d e v i s e d  to s w i t c h  
f r o m  the h o u s i n g  an t enna  as the m o d e l  p a s s e d  t h r o u g h  the w a t e r - c o o l e d  
s t r u t  (F ig .  2). Th i s  a r r a n g e m e n t  p r o v e d  s a t i s f a c t o r y ,  as shown in 
F ig .  12. As s e e n  in this  f i gu re ,  g a l v a n o m e t e r s  w e r e  u s e d  as even t  
m a r k e r s  to i n d i c a t e  m o d e l  r e l e a s e  and an t enna  swi t ch ing .  Al though 
s igna l  d ropou t  o c c u r r e d  as the  m o d e l  p a s s e d  t h r o u g h  the w a t e r - c o o l e d  
s t r u t  (at wh ich  t i m e  the a n t e n n a s  w e r e  swi t ched ) ,  the r e c e p t i o n  ob ta ined  
as the m o d e l  fe l l  t h r o u g h  the tunne l  t e s t  s e c t i o n  (t = 450 to 600 m s e c )  
was  e x c e l l e n t .  The  s igna l  s t r e n g t h  v a r i a t i o n s  no ted  d u r i n g  f r e e - f l i g h t  
t h r o u g h  the t e s t  s e c t i o n  a r e  s e e n  to have  no e f fec t  upon the t e l e m e t e r e d  
p r e s s u r e  t r a c e .  P h o t o g r a p h s  of the m o d e l  d u r i n g  t h e s e  w ind -o f f  d rop  
t e s t s  s h o w e d  no m o d e l  m i s a l i g n m e n t  wi th  r e f e r e n c e  to the tunne l  
c e n t e r l i n e ,  i n d i c a t i n g  pos i t i ve  o p e r a t i o n  of the r e l e a s e  m e c h a n i s m .  

3.2.2 Tunnel Tests 

Dur ing  the f r e e - f l i g h t  t e s t s  c o n d u c t e d  in Tunne l  C, the p r o c e d u r e  
fo l lowed  was  to i n s t a l l  the  m o d e l  in the  r e l e a s e  m e c h a n i s m  (Fig .  2) and 
s e c u r e  the r e m o v a b l e  h o u s i n g  in p l ace .  The hous ing  c h a m b e r  was  then  
v e n t e d  to the tunne l  and the s l i d ing  va lve  opened  a long  with the  tunne l  
d o o r s .  The  o s c i l l o g r a p h  was  s t a r t e d  and the m o d e l  r e l e a s e d  to d rop  
t h r o u g h  the t e s t  s e c t i o n  f low and into the m o d e l  c a t c h e r  l o c a t e d  in the 
t e s t  s e c t i o n  t ank  (Fig .  2). The  m o d e l  was then  r e c o v e r e d  and r e p o s i -  
t i oned  in the  r e l e a s e  m e c h a n i s m  fo r  the next  drop.  

Dur ing  the  b a s e  p r e s s u r e  t e s t s ,  the  a b s o l u t e  a v e r a g e  p r e s s u r e  
i n s i d e  the m e c h a n i s m  h o u s i n g  ( t e l e m e t r y  t r a n s d u c e r  r e f e r e n c e  p r e s -  
s u r e )  was  r e c o r d e d  i m m e d i a t e l y  p r i o r  to m o d e l  r e l e a s e .  The a b s o l u t e  
b a s e  p r e s s u r e  of the m o d e l  was  the a l g e b r a i c  s u m  of th is  r e f e r e n c e  
p r e s s u r e  and the t e l e m e t e r e d  d i f f e r e n t i a l  p r e s s u r e .  

P r e s s u r e  c h a n g e s  in the h o u s i n g  o r  in the t e s t  s e c t i o n  tank w e r e  
m a d e  s l o w l y  in o r d e r  not to o v e r p r e s s u r e  the  t e l e m e t r y  t r a n s d u c e r  and 
p o s s i b l y  a f fec t  i ts  c a l i b r a t i o n  c h a r a c t e r i s t i c s .  E v e n  with t h e s e  d e l a y s ,  
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4 to 5 model drops could be made each hour. The base heating tests 
could be run more rapidly because one run required only about 5 rain. 

SECTION IV 
RESULTS AND DISCUSSION 

4.1 BASE PRESSURE TESTS 

The results of the free-flight base pressure measurements are 

shown in Fig. 13 as the base pressure ratio (pb/p®) variation with 
length Reynolds number (Re~). The model boundary layer is known 

to be laminar (ce = 0) throughout the Reynolds number range tested. 

The trend depicted by the data shows the expected decrease with in- 

creasing Reynolds number for conical bodies in this Reynolds number 
range. Also shown is a prediction of the base pressure ratio at 

= 0 for turbulent flow from work by Cassanto (Ref. 5). Boundary- 
layer transition data on a 10-deg cone in Tunnel C (Ref. 6) indicate 
that the transition Reynolds number (transition at model base) is 
between 3.2 x 106 and 4.3 x 106 . A comparison of the experimental 

data and the theory appears to be consistent with a typical base pres- 

sure variation with Reynolds number (Insert, Fig. 13). 

During the tests it was noted that as Reynolds number was in- 
creased, a definite pattern formed in the time variation of Ap obtained 
from the telemeter. The Z~p measured during the time the model was 

in the tunnel flow showed a somewhat sinusoidal time variation (Fig. 14). 

This variation was consistent for several drops at the same tunnel 
conditions. The frequency and amplitude of this variation increased with 
Reynolds number (Fig. 15) but was not noticed at Reynolds numbers be- 
low about 106 . Model oscillations in the pitch plane were observed in 

movies taken during a number of the drops, and the model frequency was 

about one-half the frequency of the Ap variation. It is felt that the model 

oscillation was initiated by the unsymmetrical loading on the model as it 

entered the tunnel flow and that the time variation of ~p was caused by the 
model oscillation. The magnitude of the variation is within the repeati- 

bility scatter of the data, and the data shown in Fig. 13 are the average 

values obtained during a drop. As may be seen in Fig. 13, absolute 
values of Pb in the range of 0. 0045 psia were obtained with a repeatability 

within 0.001 psia (Re~ = 0.5 x 106). 

4.2 BASE HEATING TESTS 

The initial base heating tests were made using a flat base cone 
model with the transducer located in the center of the base. Results 
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of  t h e s e  t e s t s  s h o w e d  no  d i s c e r n i b l e  h e a t i n g  r a t e s  p r e s e n t  a t  t h e  m a x i -  
m u m  R e y n o l d s  n u m b e r  c o n d i t i o n  in  T u n n e l  C.  T h e  t e s t  m o d e l  w a s  
t h e n  m o d i f i e d  to  h a v e  a r o u n d e d  b a s e ,  w i t h  t h e  t r a n s d u c e r s  l o c a t e d  on  
t h e  c o n i c a l  s u r f a c e ,  o n  t h e  r o u n d e d  s h o u l d e r ,  a n d  a t  t h e  b a s e  c e n t e r .  
T h e  l o c a t i o n s  of  t h e  t r a n s d u c e r s  a n d  t h e  r e s u l t s  of  t h e  t e s t s  a r e  s h o w n  
in  F i g .  16. T h e  c o n e  s u r f a c e  m e a s u r e m e n t s  (~) a r e  in  f a i r  a g r e e m e n t  
w i t h  t h e o r y ,  a n d  t h e  h e a t i n g  r a t e  d e c r e a s e s  a r o u n d  t h e  s h o u l d e r  a s  
w o u l d  be  e x p e c t e d .  No e x p l a n a t i o n  i s  g i v e n  f o r  t h e  h i g h e r  h e a t i n g  r a t e  
a t  t h e  b a s e  c e n t e r  a s  c o m p a r e d  to  t h e  p o i n t  l o c a t e d  a b o u t  0. 15 in.  f r o m  
t h e  b a s e .  

SECTION V 
CONCLUDING REMARKS 

A t e c h n i q u e  h a s  b e e n  d e v e l o p e d  at  V K F  to  o b t a i n  f r e e - f l i g h t  b a s e  
p r e s s u r e  a n d  b a s e  h e a t i n g  d a t a  in  T u n n e l s  B a n d  C u s i n g  o n b o a r d  
t e l e m e t r y  in  r e l a t i v e l y  l a r g e  t e s t  m o d e l s .  T h e  m o d e l s  m a y  be  r e -  
c o v e r e d  a n d  t e s t e d  r e p e a t e d l y  w i t h o u t  i n t e r r u p t i n g  t u n n e l  o p e r a t i o n .  
M o d e l  b a s e  p r e s s u r e  a n d  b a s e  h e a t i n g  r e s u l t s  o b t a i n e d  d u r i n g  e v a l u a -  
t i o n  o f  t h e  t e c h n i q u e  i n d i c a t e  t h a t  p r e s s u r e s  on  t h e  o r d e r  o f  0. 004 p s i a  
a n d  h e a t i n g  r a t e s  on  t h e  o r d e r  o f  0. I B t u / f t 2 - s e c  w e r e  s u c c e s s f u l l y  
m e a s u r e d .  
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